Background: The use of autonomic modulation as a predictor of cardiovascular risk in women with breast cancer is important.
Introduction
Breast cancer is the second most common type of neoplasm in the world and the most common among women. Annually, in both developing and developed countries, about 22% of new cases arise 1 and, according to the World Health Organization, 2 in 2011 more than 508,000 deaths occurred worldwide due to this disease.
Chemotherapy, radiation therapy, and hormone therapy can be used as treatment for breast cancer. These treatments are indispensable and promote positive impacts on the cure for cancer, recurrence, and metastasis; however, the side effects can cause numerous discomforts, compromising other aspects related to women's health. 3 Among the side effects precipitated by the various treatments for breast cancer, those related to hormone therapy, more specifically to the use of aromatase inhibitors (AI), deserve attention. These substances block the enzyme aromatase, responsible for the conversion of androgens to estrogens in postmenopausal women. [3] [4] [5] Estrogen is associated with a better lipid profile and an increase in the synthesis of vasodilatory enzymes, 6 ,7 so its reduction in women with breast cancer promoted by the use of AI, associated with its lower production in the menopausal period, may be related to a worse lipid profile and, consequently, a higher risk of cardiovascular diseases (CVD). 6, 7 In this context, the evaluation of women with breast cancer who are in the menopause becomes fundamental so that CVD can be avoided and/or prevented. Autonomic modulation analysis can be used for this purpose since the autonomic nervous system (ANS) is one of the components involved in the etiology and consequences of cardiovascular disorders caused by the treatment of breast cancer. 8, 9 The use of autonomic modulation as a predictor of cardiovascular risk in women with breast cancer was evidenced by Lakoski et al., 9 who identified autonomic dysfunctions in these women characterized by increased sympathetic modulation and decreased parasympathetic modulation, suggesting a higher risk of CVD in women with breast cancer.
As can be observed, the risk of CVD in women with menopausal breast cancer may be related to a reduction in autonomic modulation and worsening of the lipid profile, which can be precipitated by both menopause and the use of AI. 10, 11 These women are also more prone to weight gain after chemotherapy and, consequently, to suffer changes in visceral adiposity, leading to changes in lipid profile and insulin resistance. 3 In addition, elevated levels of inflammation have been observed in cancer patients, 12 a condition also responsible for lower survival in these patients. 12, 13 However, the correlation between autonomic modulation and these factors has not been explored. Therefore, investigating the autonomic modulation of women with breast cancer in menopause who use AI and the relationship with cardiovascular biochemical variables could improve the targeting of future treatments and quality of life of women with breast cancer.
In this context, this study aimed to evaluate the cardiac autonomic modulation of postmenopausal women using AI to treat breast cancer, as well as its relationship with the following cardiovascular biochemical variables: fasting glycemia, triglycerides, HDL cholesterol, and C-reactive protein (CRP).
Methods
This is a cross-sectional study, carried out from March 2015 to July 2016, in a city in the southeastern region of Brazil. A total of 348 women, who were treated for breast cancer and registered in the records of the Oncology Pharmacy of the city's Regional Hospital, were analyzed. The medical records of these patients were analyzed and only women who were using AI were invited to participate in the study, totalling 124 women. Postmenopausal women without breast cancer were invited and recruited through radio, television, and local newspapers, totalling 189 women.
The inclusion criteria of the study were: aged between 50 and 80 years; being in the menopause, defined by the self report of absence of the menstrual cycle in the previous 12 months; signing the informed consent form to participate in the study, and not having participated in supervised physical exercise for at least six months immediately prior to the study. Specifically for women with breast cancer, in addition to all the criteria mentioned above, they were required to present stages I to IIIa of breast cancer, 14 certified by doctors through the medical records. 
Experimental draw
The experimental design of the present study included two groups of women with different characteristics: one with and one without breast cancer. According to the inclusion criteria specific to this study, the convenience sampling consisted of 48 postmenopausal women, who were distributed as follows: 33 without breast cancer and 14 survivors of breast cancer under treatment with AI. The selection of the participants in this study can be better visualized in figure 1.
On the first day, all the women participating in the study answered questionnaires related to sociodemographic information (with questions related to age, education level, marital status, occupation, children, and self-reported diseases -cardiac, respiratory, metabolic, musculoskeletal). After answering the questionnaires, the volunteers underwent an evaluation of body composition using DEXA equipment -Dual Energy X-ray Absorptiometry, brand Lunar DPX-NT. Subsequently, the volunteers received a referral to the clinical analysis laboratory for blood sample collections, heart rate variability (HRV) assessments were scheduled, and the guidelines provided.
For HRV analysis, the heart rate was recorded beat-to-beat in the morning (8 am to 11 am) in a quiet environment with a temperature between 21ºC and 24ºC and relative air humidity of 40-60% and the series of RR intervals obtained were used for the calculation of HRV indices.
Body composition
Body composition was measured using DEXA Dual Energy X-ray Absorptiometry, brand Lunar DPX-NT, General Electric Healthcare, Little Chalfont, Buckinghamshire, UK, software version 4.7. The following outcome variables were collected: percentage of body fat (%), lean mass (kg), fat mass (kg), and total bone mineral density (g/cm 2 ).
Analysis of HRV
For the analysis of HRV, initially, the volunteers were instructed not to consume alcoholic beverages and/or ANS stimulants such as coffee, tea, soda, and chocolate, and not to perform any type of intense physical exercise during the 24 hours preceding the evaluation.
The Polar S810i heart rate monitor (Polar, Finland), previously validated equipment for recording heart rate and its use for calculation of HRV 15 indices, was used to record heart rate. The equipment pick-up strap was positioned on the distal third of the sternum and the heart rate receiver on the volunteer's wrist. During the uptake, the volunteers were instructed to remain silent, awake, at rest, and breathing spontaneously for 30 minutes in the supine position.
For the analysis of the HRV indices, 1000 RR intervals were obtained from the most stable section of the trace, which was subjected to digital filtering in the proprietary software of the cardio-frequency meter, Polar Pro Trainer 5 version 5.41.002, complemented by manual filtering for elimination of premature ectopic beats and artefacts and only series of RR intervals that presented more than 95% of sinus beats were included in the study. Calculations of the HRV indices were performed using Kubios HRV Analysis software version 2.0 (Kuopio University, Finland). 16 The following indices were analyzed in the time domain: Mean RR, which represents the mean RR intervals; Mean HR, which corresponds to mean heart rate; SDNN, which represents the standard deviation of all normal RR intervals; RMSSD, which corresponds to the square root of the sum of the square of the differences between the RR intervals in the record, divided by the number of RR intervals in a given time minus one RR interval; and finally the NN50 (number of pairs of successive NNs that differ by more than 50 ms) and pNN50 (proportion of NN50 divided by total number of NNs), where the NN50 is the counter of the number of times that successive NN intervals present a duration difference greater than 50ms, and the pNN50 is the ratio obtained by the NN50 / n ratio. 17, 18 In the frequency domain, low frequency (LF: 0.04 -0.15 Hz) and high frequency (HF: 0.15 -0.40 Hz) spectral components were analyzed in ms² as well as the ratio between the components (LF/HF). The spectral analysis was calculated using the Fast Fourier Transform algorithm. 18 In addition, the RRtri (RR triangular), TINN (triangular interpolation of NN interval), and Poincaré plot were also calculated, which was quantitatively and qualitatively analyzed. The RRtri and TINN were calculated by constructing a density histogram of normal RR intervals, which contains the length of the RR intervals on the x-axis and the frequency with which they occurred on the y-axis. 18 The union of the points of the columns of the histogram forms a figure similar to a triangle from which these indices are extracted. 18 The Poincaré plot is the two-dimensional graphical representation of the correlation between consecutive RR intervals, where each interval is plotted against the next interval. For quantitative analysis of the plot, the SD1 (standard deviation of instantaneous beat-to-beat variability) and SD2 indices (long-term standard deviation of continuous RR intervals) were calculated. 18 The qualitative analysis of the plot was carried out through the analysis of the figures formed by its attractor, which demonstrates the degree of complexity of the RR intervals. 
Blood samples
Blood collection was performed in a private laboratory and for the biochemical analyzes the volunteers respected a 12-hour fast. The collection was performed in a vacuum tube with separator gel without anticoagulant; after collection, the blood was centrifuged for 10 minutes at 3000 rpm to separate the serum from the other blood components, which was used for the analyzes.
For the determination of glycemia, triglycerides, and the HDL-cholesterol fraction, a colourimetric enzyme kit was used in an Autohumalyzer A517 device 17 (HUMAN et al., 2004 ). CRP was measured using an enzyme ELISA kit: Immulite 2000 analyzer (Siemens Healthcare Diagnostics). 20 
Statistical analysis
The descriptive data for characterization of the sample are expressed as percentage, mean, standard deviation. In order to compare the anthropometric variables, age, and the HRV indices between the groups, the normality of the data was initially tested using the Shapiro-Wilk test. If the normal distribution was accepted, the Student's t-test for unpaired data was applied, while for non-normal distributions the Mann-Whitney test was applied. The continuous variables that did not present normal distribution were described through median and interquartile range and those that presented normal distribution were described through mean and standard deviation.
The correlation between the HRV indices and the independent variables CRP, fasting glycemia, triglycerides, and HDL-cholesterol was verified by linear regression in unadjusted and adjusted models, considering the age of the volunteers.
For both analyzes, statistically, significant differences were considered when the "p" value was lower than 0.05. The program used for statistical analysis was the "Statistical Package for Social Sciences" version 15.0 (SPSS Inc., Chicago, Illinois, United States of America). Table 1 presents the sociodemographic and clinical characteristics of the postmenopausal women without breast cancer and breast cancer survivors who participated in the study. There were no significant differences between groups (p > 0.05). The losses of the sample composition can be visualized in Figure 1 .
Results
Approximately 70.8% of women who survived breast cancer and 25% of the non-cancer group attended high school. Regarding marital status, 70.8% of women who survived and 60.1% without the disease are married. Of the women analyzed, 41.7% of the survivors of the disease and 55.6% of those without the disease worked from the home, while, 62.4% and 72.8%, respectively, reported having up to two diseases. Regarding the body composition variables analyzed (total body mass, BMI, total lean and fat mass, trunk fat mass, bone mineral density, and bone mineral content), there were no statistically significant differences between the groups.
In women with breast cancer, it was observed that 52% had undergone mastectomy surgery and 67% received treatment with chemotherapy. Most women have diagnosed in breast cancer stage I and the mean time of AI use was 19.3 months.
The Mean RR, SDNN, RMSSD, NN50, pNN50, RRtri, SD1, and SD2 indices demonstrated statistically significant reductions (Table 2 ) (p ≤ 0.05) in the breast cancer group when compared to the group without the disease. The Mean HR index (1/me), which represents the heart rate (HR), was lower in the group without the disease. For the TINN index, no significant differences were found between groups (p = 0.216).
In the qualitative analysis of the Poincaré plot, there was a lower dispersion of the RR intervals in the cancer group compared to the non-disease group (Figure 2 ).
The indices in the frequency domain of HRV are presented in table 3. For the VLF (ms²), LF (ms 2 ), and HF (ms 2 ) indices, statistically significant reductions (p ≤ 0.05) were found in the breast cancer group when compared to the group without the disease, whereas the LF/HF ratio did not present significant differences between the groups (p = 0.747). Table 4 shows the correlation of HRV indices with the inflammatory marker PCR and table 5 presents the variables blood glucose, triglycerides, and high-density lipoprotein with and without age adjustments in women with breast cancer.
There were no statistically significant correlations between the indices and the inflammatory marker, even when adjusted for age (p > 0.05), or between the Mean RR, Mean HR, RMSSD, NN50, pNN50, RR tri, TINN, VLF ms², LF ms², LF/HF, and SD1 for the variables blood glucose, triglycerides, and high density lipoprotein (p > 0.05).
When adjusted for age the RR tri, HF ms², and SD2 indices presented inversely proportional correlations with the triglycerides [HF -β95% CI = -0.53, p = 0.045; SD2 -β95% CI = -0.13, p = 0.044]; RRtri -β 95% CI = -0.02, p = 0.046].
Discussion
The main findings of this study demonstrate that women who are survivors of breast cancer who use AI present reductions in HRV compared to women without cancer and that these HRV indices correlate with the lipid profile.
In the present study, a statistically significant reduction in the SDNN and RR tri indices, as well as the RMSSD, SD1, NN50, and HF indices, can be observed in women with breast cancer using AI when compared to the non-cancer group, suggesting a reduction in global and vagal modulation, respectively. Moreover, the visual analysis of the Poincaré plot demonstrates a lower dispersion of the RR intervals in the cancer group, indicating that these women present HRV reduction. Reduction in global variability and parasympathetic modulation was also observed by Caro-Morán et al. 8 in women with breast cancer undergoing chemotherapy, radiotherapy, and hormone therapy after 1 year of treatment. The authors observed reduced values of SDNN, RMSSD, and HF ms² in the cancer group in relation to the group without the disease. In these women, no significant differences were found in the LF ms² and LF/HF indices, although higher values were found in the cancer group.
It is important to note that higher parasympathetic modulation has been reported as an important factor related to a better prognosis for these patients, as observed by Giese-Davis et al., 21 who reported that high baseline HF values were associated with higher survival and lower cardiovascular risk. Greater parasympathetic modulation is generally associated with lower cardiovascular risk, 22 so the reduced parasympathetic modulation found in the present study, observed through lower values of the RMSSD, pNN50, SD1, and HF ms² indices in the cancer group, may indicate higher cardiovascular risk and a worse prognosis in this population.
High HRV is associated with higher levels of parasympathetic modulation and longer survival in patients with myocardial infarction and those under palliative care. 21 Regarding cancer, alterations in autonomic modulation influence the development and prognosis of the disease.
In a study carried out with an animal model it was shown that stimulation of the nervous system with the release of catecholamines can activate beta-adrenergic receptors in tumour cells, leading to more aggressive growth and dissemination of malignant cells, whereas in humans the use of beta-has been shown to be beneficial in reducing the risk of recurrence in patients with breast cancer. 23 Regarding parasympathetic modulation, Erin et al. 24 demonstrated that vagal blockade promotes the increase of metastases in mice. Estrogen is indicated as the main cardioprotective factor for women and its reduction in menopause is related to the increase in sympathetic activity; a circumstance that may be aggravated in women with breast cancer due to treatment of the disease with AI. 19 In this context, the present study presents important results regarding the clinical framework of these patients.
Regarding the correlation between HRV indices and cardiovascular biochemical variables, no correlation was observed with CRP, fasting glycemia, or HDL-Cholesterol. CRP has been highlighted, since elevated levels of this protein are associated with an increased risk of peripheral arterial disease, myocardial infarction, stroke, and sudden death, 25 and high levels of CRP are predictive of poor prognosis for cancer patients, regardless of lifestyle, menopausal status, and the presence of CVD. 12 Although no statistically significant negative correlations were observed between HRV and CRP levels, indices reflecting overall variability and parasympathetic modulation presented marginal statistical values in relation to the correlation with CRP levels of the cancer group (SDNN -β95% CI = 0.92, p = 0.082; SD2 -β95% CI = 1.26, p = 0.136; RMSSD -β 95% CI = -0.50, = 0.089; SD1 -β95% CI = 0.36, p = 0.092).
Regarding the correlation between HRV and the triglyceride indices, we observed an inversely proportional correlation of triglycerides with the HFms 2 index β95% CI = -0.53; p = 0.045) and, although not significant, the SD1 index presented similar behavior (β95% CI = -0.03; p = 0.095). In addition, the indices that reflect global variability, SDNN and SD2, also presented inversely proportional correlations with the triglycerides (SDNN -β95% CI = -0.09; p = 0.045; SD2 -β95% CI = -0.13; p = 0.044), suggesting that changes in autonomic modulation in women with breast cancer, characterized by a reduction in HRV, may be associated with a worse lipid profile. Studies show that ANS imbalance is associated with hormonal and metabolic alterations since this system plays a fundamental role in metabolic control. 26 The study presents some methodological points to be raised. In the analyzes, we did not take into account associated heart diseases or the use of medications which could alter cardiac activity. In addition, the sample size considered for correlation analyzes may not have been sufficient for correlations between CRP, blood glucose, HDL-Cholesterol and HRV to be considered statistically significant.
Despite this, the study presents an important clinical implication regarding alterations in the autonomic modulation of women with breast cancer who use AI and the inversely proportional relationship between HRV and triglyceride values in this population, suggesting a higher risk of CVD and a worse prognosis for these women. This information reinforces the need to use preventive strategies that are safe and effective in the clinical approach of these patients.
Conclusion
Based on our findings, women with breast cancer who use AI present reductions in HRV compared to women without cancer and in these women HRV indices are inversely correlated with triglyceride values. 
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